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Available online 24 March 2012AbstractThe breeding performance of high-arctic bird populations shows large inter-annual variation that may be attributed to envi-
ronmental variability, such as the timing of snow melt and break-up of the landfast sea ice that surrounds breeding colonies on
islands and along coasts. In the Kongsfjorden area (79N) on Svalbard, the number of breeding pairs and the average egg clutch size
vary considerably among years. In this study, data on breeding performance are presented from 15 years in the period 1981e2000.
The results showed that early break-up of sea ice in Kongsfjorden resulted in larger numbers of nests and larger average clutch sizes
than late break-up. Also, individual islands with early break-up of sea ice in a particular year had more nests and larger clutch sizes
compared to other islands surrounded by sea ice during a longer period in spring. Thus, the inter-annual variation in the break-up of
sea ice in the fjord has considerable implications for the inter-annual variability of recruitment to the population. The results
indicate that the effects of global warming on changes in the sea ice melting regime in coastal regions are important for the
reproductive output of island-nesting eiders.
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High Arctic environments exhibit large inter-annual
variations, which might have significant impact on the
breeding performance of birds. For island-breeding
waterfowl in the High Arctic, the time of break-up of the
surrounding sea ice as well as the time of snow melt has
been demonstrated to be of importance for the repro-
ductive output of colonies. Along Nordenskio¨ldkysten,* Present address: Natural History Museum, University of Oslo, PO
Box 1172 Blindern, N-0318 Oslo, Norway.
E-mail address: fmehlum@nhm.uio.no.
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doi:10.1016/j.polar.2012.03.004Svalbard (78N), Owen and Norderhaug (1977) and
Prop et al. (1984) demonstrated a negative correlation
between the time of snow melt at the breeding sites of
barnacle geese Branta leucopsis and the percentage of
young in the population during the subsequent winter.
Similarly, Madsen et al. (1998) showed that the inter-
annual variation in sea ice cover around the main
breeding islands of light-bellied brent geese Branta
bernicla hrota in Svalbard (Tusen-øyane, 77N) to
a large degree could explain the variability in the
reproductive output of the population.
Arctic birds have a limited time-window suitable for
reproduction, and they tend to start breeding as soon asreserved.
144 F. Mehlum / Polar Science 6 (2012) 143e153their nesting sites become available. As “capital
breeders” eiders rely on nutrient reserves accumulated
in the weeks before the start of egg-laying and incu-
bation (Thomas, 1988; Parker and Holm, 1990;
Coulson, 1999; Meijer and Drent, 1999). Late egg-
laying may result in lower reproductive success due to
reduced clutch sizes as a function of laying date (Barry,
1962; Dalhaug et al., 1996), and an insufficient period
for chick development prior to migration. A seasonal
decline in the clutch size is quite common in waterfowl
(Rohwer, 1992; Sjo¨berg, 1994; Kellett and Alisauskas,
1997; Meijer and Drent, 1999), which mainly rely on
endogenous nutrients during egg formation. Studies of
barnacle geese breeding in the High Arctic have shown
that the size and physical condition of the young before
the autumn migration is positively correlated with the
survival of the young through the migration period
(Loonen et al., 1999), thus emphasising the importance
of early breeding.
In Svalbard, eiders and geese nesting on islands are
subjected to egg predation by mammalian predators,
i.e. arctic fox Alopex lagopus and polar bear Ursus
maritimus, when the islands are surrounded by sea ice.
Thus, they usually avoid starting egg-laying until the
islands are free of sea ice, as is the case elsewhere in
the High Arctic (Schamel, 1977). However, if no
alternative nest sites are available during their normal
egg-laying period, they may lay on islands surrounded
by sea ice and suffer heavy egg losses due to
mammalian predation. Thus, barnacle geese in
Kongsfjorden, Svalbard, suffered a total breeding
failure 1994, a year with late break-up of the landfast
sea ice (Tombre and Erikstad, 1996).
When alternative nesting sites are available, one
would expect that arctic island-nesting waterfowl in
any year would select nesting habitats in order to
maximise their long-term reproductive output (Stearns,
1992). In the Kongsfjorden area (79N) in Svalbard,
a population of several thousand pairs of common
eiders Somateria mollissima breeds on a group of
islands ranging in size from 0.01 to 30 ha. Lamont
(1876) first described the phenomenon that the eiders
in this area do not occupy the nest sites, or breed, until
the islands in the fjord are free of landfast sea ice.
Ahle`n and Andersson (1970) were the first to study the
ecological and behavioural adaptations to predation
and climate in eiders breeding in this fjord system. Sea
ice conditions in this fjord vary considerably from year
to year (Mehlum, 1991a). In some years, most islands
are free of sea ice in April or May, prior to the start of
their normal egg-laying period (first two weeks of
June). In other years the sea ice may break-up in mid-or late June (in extreme cases in July), and the time of
ice break-up generally varies among the individual
islands. Most waterfowl exhibit a high level of nest site
fidelity (Owen and Black, 1990; Anderson et al., 1992;
Cooke et al., 1995; Tombre et al., 1998a). However, in
years when sea ice prevents occupation of their
previous nest site during the normal egg-laying period,
one should expect birds to choose a nearby ice-free
island for nesting. The island system in Kongsfjorden
is suitable for studying the effects of variability in such
environmental conditions on the breeding performance
of eiders. In the present study, a 15-years data set from
Kongsfjorden on landfast sea ice conditions, number of
breeding eiders and their clutch sizes is analysed.
Analyses of the data made it possible to evaluate the
effects of environmental conditions, in terms of the
availability of ice-free islands, on the behaviour and
reproductive success of the Kongsfjorden population of
eiders.
2. Material and methods
The islands in Kongsfjorden (Fig. 1) are bird
sanctuaries and protected from human disturbance
during the breeding period. Usually, large parts of the
fjord will be covered by landfast sea ice during the
winter, and the islands completely surrounded by ice.
The landfast sea ice breaks up in the spring and drifts
out of the fjord system. The variation among years in
break-up of the fjord ice is illustrated in details for the
period 1981e1987 by Mehlum (1991a). In general, the
easternmost islands, Juttaholmen, Observasjonshol-
men, Sigridholmen, Innerholmen, Midtholmen, Leir-
holmen and Gerdøya (Fig. 1) are the latest islands to
become free of surrounding sea ice during the spring
season. During the study period, Gerdøya usually
became ice-free so late in the season that it was not
attractive as a breeding habitat for eiders.
The islands vary in size from 0.01 ha (Die-
trichholmen) to 30 ha (Storholmen). The smallest are,
flat-topped low islets, and the largest islands reach an
elevation of up to 35 m asl. All islands are covered
with sparse tundra vegetation, rarely exceeding 5 cm in
height. Eider nests are scattered in both vegetated parts
of the islands and on gravel beaches.
The islands in Kongsfjorden were censused at least
once after egg clutch completion (when females were
incubating eggs in nests with extensive down) each
year in the 20-year period 1981e2000, except in 1988,
1989, 1990, 1992 and 1994. The number of active nests
and eggs were counted by carefully flushing the
females off the nests. Active nests were defined as
Fig. 1. Study area in Kongsfjorden, Svalbard, with breeding islands for common eiders.
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The clutch sizes were not corrected for potential loss
due to predation, while nest scrapes with no eggs were
not included. An earlier study from Kongsfjorden
(Mehlum, 1991b) has shown that egg-laying on
a single island is fairly synchronous, and c. 90% of the
eggs are laid within a 3-week period. In cases when
several surveys were made on the same island during
one season, the census with the largest number of
active nests was used. Data on clutch sizes were not
available from Storholmen in 1981, Prins Heinrichøya
in 1981 and 1982, Juttaholmen in 1983 and Ytre
Breøya in 1996.
Information on the sea ice conditions and the dates
when individual islands were free of surrounding
landfast sea ice, were obtained visually by the author
and other researchers working in the area. Usually, the
sea ice around an island disappeared completely within
a day or two and drifted by wind and tides out of the
fjord. Data for the ice break-up around the two
northernmost islands, Ytre Breøya and Indre Breøya,
are not available.
An index of sea ice conditions was estimated for
each of the five islands: Eskjeret, Juttaholmen, Mie-
theholmen, Prins Heinrichøya and Storholmen for eachyear based on the time of ice break-up around these
islands (1 ¼ <5 June; 2 ¼ 6e15 June; 3 ¼ >15 June).
The combined ice index for a single year was defined
as the sum of index values for all these five islands.
Statistica 6.0 (Statsoft, Inc.) was used for all statistical
testing and graphs.
3. Results
3.1. Total breeding population
The total number of active nests counted on the
breeding islands in the Kongsfjorden area varied more
than 4-fold and ranged from 1014 to 4714 during the
study period (Fig. 2, Table 1). No significant linear
trend in the number of nests was recorded during the
study period. In most years, the easternmost islands,
located at the end of the fjord (Midtholmen, Leirhol-
men, Sigridholmen, Observasjonsholmen and Inner-
holmen) had few breeding eiders. However, in 1991
they supported a total of 474 nests (Table 1).
Six islands (Ytre Breøya, Prins Heinrichøya, Mie-
theholmen, Eskjeret, Storholmen and Juttaholmen)
were the main nesting sites of eiders during the study
period. All these had a minimum of 200 nesting pairs
Fig. 2. Total number of breeding common eiders in Kongsfjorden
1981e2000 (15 years of data).
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more than 90% of the nests in all years expect in 1991
(87%). The number of nests on Storholmen was in
most years a major determinant of the total annual
breeding population size in Kongsfjorden. Storholmen
had the largest number of nests in 10 years (Table 1),
and in these years it accounted for 30.5e52.0% of all
nests on the islands. In the five years with few nests
(<400) on Storholmen, the island only accounted for
0e16.0% of all nests.
These six main breeding islands were selected for
further analyses. The number of nests on each of these
islands varied considerably among years, as illustrated
by the coefficient of variation (CV), which rangedTable 1
Numbers of breeding common eiders on individual islands in Kongsfjorden,
presented for each island. No censuses were performed in 1988, 1989, 1992
Island 1981 1982 1983 1984 1985 1986 1987 199
Ytre Breøya 200 372 340 501 576 543 547 70
Indre Breøya 0 0 1 16 e e e 13
P. Heinrichøya 117 60 167 191 277 92 334 30
Ditrichholmen e 9 e e e e e 1
Mietheholmen 482 670 320 269 268 262 100 18
Eskjeret 138 1315 971 554 507 646 474 68
Storholmen 0 294 1128 1510 1329 329 1780 191
Juttaholmen 75 252 0 77 88 166 126 29
Midtholmen 0 6 13 9 17 e 3 12
Leirholmen 2 2 5 12 26 e 42 7
Sigridholmen 0 0 0 9 34 0 2 5
Observasjonsholmen 0 3 e 14 46 0 18 18
Innerholmen 0 2 0 3 4 0 0 2
Total 1014 2985 2945 3165 3172 2038 3426 471
e: not censused.from 28.9% at Ytre Breøya to 64.9% at Juttaholmen
(Table 1). Mietheholmen showed a significant negative
linear trend in the number of breeders during
1981e2000 (F1,13 ¼ 6.01, p ¼ 0.03). The other five
islands showed no significant temporal trends during
the study period.
The time of break-up of the fast ice around the
islands had significant effects on the number of birds
breeding there. The later the break-up, the lower were
the total number of breeders in this fjord system. The
combined ice index for five of the main breeding
islands (Table 2) exhibited a negative linear relation-
ship with the total number of nests on these islands
(Fig. 3, R2 ¼ 0.65, F1,12 ¼ 22.6, p < 0.001). An
analysis of the individual islands separately, using the
ice index for each island (Fig. 4), showed that Stor-
holmen (R2 ¼ 0.89, F1,13 ¼ 104.1, p < 0.001) and
Prins Heinrichøya (R2 ¼ 0.68, F1,13 ¼ 27.2, p < 0.001)
were inhabited by significantly fewer eiders in years
with long lasting sea ice cover than in more favourable
years. However, no significant trends were found for
the other islands. It is noticeable that there were only
few years with an intermediate combined ice index
value (Table 2, Fig. 4).
Even if the number of nests on Storholmen was
a major determinant of the total breeding population in
most years (Table 1), other islands such as Miethe-
holmen and Eskjeret in some years made a significant
contribution to the breeding population. The sea ice
tended to break-up relatively early around these two
islands (Table 2), and the sequence of break-up of the
ice around the different islands had an effect on theSvalbard 1981e2000. Coefficients of variation (CV) among years are
and 1994.
1 1993 1995 1996 1997 1998 1999 2000 Mean CV (%)
5 431 653 638 661 442 344 457 508 28.9
9 26 22 180 117 16 22 307 65 118.4
6 148 134 313 338 10 248 216 191 52.9
8 10 e 12 10 11 1 11 12 45.4
4 184 464 130 173 76 168 230 276 61.0
7 697 1080 881 788 627 678 718 720 38.5
2 1666 1109 1187 1687 212 223 1569 1088 62.8
0 32 171 171 167 175 41 67 138 64.9
7 1 0 5 0 7 0 2 16 243.6
8 0 e 6 2 2 0 28 16 145.3
9 0 0 14 0 6 0 0 10 202.6
1 1 0 41 35 37 35 0 31 160.4
9 0 2 3 0 7 0 3 4 207.7
5 3196 3635 3581 3868 1628 1760 3608 3037
Table 2
Time of break-up of the sea ice around five islands in Kongsfjorden (1 ¼ <5 June; 2 ¼ 6e15 June; 3 ¼ >15 June). (No data available from
Juttaholmen in 1999).
Island/year 1981 1982 1983 1984 1985 1986 1987 1991 1993 1995 1996 1997 1998 1999 2000
Eskjeret 3 3 1 1 1 3 1 1 1 1 1 1 3 1 1
P. Heinrichøya 3 3 1 1 1 3 1 1 3 3 1 1 3 1 1
Juttaholmen 3 3 1 1 1 3 1 1 1 2 1 2 3 e 1
Mietheholmen 3 2 1 1 1 3 1 1 2 1 1 1 3 1 1
Storholmen 3 3 1 1 1 3 1 1 1 2 1 1 3 3 1
Combined ice index 15 14 5 5 5 15 5 5 8 9 5 6 15 e 5
147F. Mehlum / Polar Science 6 (2012) 143e153proportions of nests on the islands. The highest
numbers of nests were located at Storholmen in the
nine years when this island was free of sea ice before
16 June (Tables 1and 2). In 1995 the ice broke up
around this island on 15 June, while the nearby island
Eskjeret was ice-free from 1 June resulting in almost as
many nests on Eskjeret as on Storholmen (Table 1).
In the five years when Storholmen was ice-free late
in the season (by the end of June or early July), either
Eskjeret (1982, 1986, 1998, 1999) or Mietheholmen
(1981) had the highest number of nests. In these years,
Eskjeret and Mietheholmen were also free of
surrounding sea ice earlier than Storholmen. Accord-
ingly, in years when Storholmen was available for
nesting before mid-June, most eiders nested on this
large island. However, in years when Storholmen was
surrounded by sea ice in this period, some eiders
probably moved and nested on other and smaller ice-
free islands. Similarly, Prins Heinrichøya, another
relatively large island, had more nesting eiders in years
with early disappearance of surrounding sea ice than in
late years (Fig. 4).Fig. 3. The total number of breeding eiders on five islands in
Kongsfjorden as a function of the combined ice index (see Table 3 for
definition of ice index). The line represents the linear regression line.3.2. Egg clutch sizes
The egg clutch sizes on the six main islands and all
years (1981e2000) averaged 3.39  1.26 (SD)
(n ¼ 40,588) and ranged from an average of 2.50 in
1998 to 3.76 in 1991 (Table 3). Clutch sizes ranged
from 1 to 11 eggs, and some clutches might be the
result of egg dumping (eggs from more than one
female in a single nest). However, only 1.3% of the
nests had more than 6 eggs, most of which might be
caused by egg dumping. The clutch sizes varied among
years (ANOVA, F14,40573 ¼ 187.0, p < 0.001), and
among islands (ANOVA, F5,40582 ¼ 255.1, p < 0.001).
There was a small, but significant, decrease (0.023
eggs per year) in clutch size from 1981 to 2000
(F1,40586 ¼ 20.56, p < 0.001). Clutch size showed
a negative relationship with the timing of break-up of
landfast ice in the fjord at four of the five islands for
which sea ice data were available. However, this
relationship was statistically only significant for Stor-
holmen, Eskjeret and Juttaholmen (Fig. 5). No rela-
tionship with sea ice conditions was found for clutch
size on Mietheholmen.
Clutch size on each island was also analysed sepa-
rately in relation to nest density (nests/ha) (Fig. 6).
Nest density on individual islands and years varied
between 3 and 1675 nests per hectare. Significant
positive relationships between mean clutch size and
nest density were obtained on Storholmen, Miethe-
holmen, Prins Heinrichøya and Ytre Breøya. On
Eskjeret, there was a slightly positive trend
(p ¼ 0.056), but on Juttaholmen no relationship was
found. Egg dumping might influence this relationship,
and a regression analysis was undertaken for nests with
less than 7 eggs in order to minimize the effect of egg
dumping. This analysis gave almost identical results to
the analysis in Fig. 6, with the exception of one island,
Mietheholmen. On this island, the largest mean clutch
sizes was observed, as well as the highest density of
nests, and in this case the correlation coefficient
changed from r ¼ 0.83 (p < 0.001) to r ¼ 0.54
Fig. 4. Relationships between the number of eider nests and sea-ice conditions, represented by the ice index for five individual islands in
Kongsfjorden (1 ¼ break-up <5 June; 2 ¼ 6e15 June; 3 ¼ >15 June). Data from 15 years during the period 1981e2000 are shown with linear
regression lines and correlations.
148 F. Mehlum / Polar Science 6 (2012) 143e153(p ¼ 0.040) when only nests with less than 7 eggs were
included. The results indicate that egg dumping has an
additional effect, contributing to the correlation
between clutch size and nest density on Mietheholmen.
A GLM analysis was performed which included all
the five islands and ten years where clutch sizesTable 3
Mean egg clutch sizes of breeding common eiders on the six major breedi
performed in 1988, 1989, 1992 and 1994.
Island 1981 1982 1983 1984 1985 1986 1987
Ytre Breøya 2.49 2.85 2.81 3.09 3.25 2.96 2.74
P. Heinrichøya e e 2.88 3.27 3.48 2.35 3.29
Mietheholmen 3.99 5.51b 2.63c 2.27d 3.36 2.31 2.26
Eskjeret 2.33 3.53 3.04 2.68 3.01 2.59 3.01
Storholmen e 2.87 3.77 4.13 4.32 2.76 4.02
Juttaholmen 2.03 2.55 e 3.14 3.47 2.69 3.30
e: not censused.
Sample sizes as in Table 1, except:
a n ¼ 294.
b n ¼ 200.
c n ¼ 218.
d n ¼ 190.(dependent variable), ice indices and nest density were
available. This resulted in an overall R2 of 0.42
(F ¼ 6.48, p < 0.001, n ¼ 50, df ¼ 5). Including
locality (island) as a random factor, greatly improved
the model (R2 ¼ 0.59, F ¼ 10.16, p < 0.001, n ¼ 50,
df ¼ 6) (Table 4), which indicates that qualities relatedng islands in Kongsfjorden, Svalbard 1981e2000. No censuses were
1991 1993 1995 1996 1997 1998 1999 2000
3.26 2.68 2.93 2.73 3.46 2.73 3.04 3.05
3.60 3.42 3.30 3.57a 3.33 2.30 3.35 3.19
3.16 2.86 4.48 2.77 3.34 2.04 3.53 3.14
4.12 3.88 3.90 e 4.09 2.54 4.03 3.76
3.96 3.07 2.91 3.58 3.60 2.12 3.14 2.93
3.40 2.56 2.81 3.49 3.59 2.39 2.98 3.19
Fig. 5. Mean egg clutch sizes for each year on individual islands in relation to sea ice conditions, represented by the ice index for five individual
islands in Kongsfjorden (1 ¼ break-up <5 June; 2 ¼ 6e15 June; 3 ¼ >15 June). Data from 15 years during the period 1981e2000 are shown with
linear regression lines and correlations.
149F. Mehlum / Polar Science 6 (2012) 143e153to the individual islands have a significant influence on
clutch size. The three predictor variables contributed
more or less equally to explaining the variance in the
model.
4. Discussion
The present results demonstrate that early break-up
of the sea ice in Kongsfjorden is correlated with large
numbers of nests and large clutch size in eiders. If we
compare the year with the lowest clutch size (1998)
with that of the highest clutch size (1991), we see that
the number of nests in 1991 was 2.9x the number of
nests in 1998. The total number of eggs recorded in
1991 was as much as 4.4x that of 1998. The large inter-
annual variation in the size of the breeding population
and clutch size of the eiders in the Kongsfjorden area
have therefore implications for the inter-annual varia-
tion in the total recruitment of ducklings to the pop-
ulation. The variation among years in the total number
of breeding eiders in Kongsfjorden cannot be explained
by mortality and recruitment, but is probably mainly aneffect of a variable proportion of non-breeding adults.
A British study showed that up to 70% of adult eider
ducks may be non-breeders in a single year (Coulson,
1984, 1999). Non-breeding may significantly reduce
the mortality risk in eiders, because the energy
requirements associated with egg-laying and incuba-
tion are substantial. Eider ducks do not feed during the
incubation period, and in Kongsfjorden they lose about
45% of their body mass between the start of egg-laying
and hatching (Gabrielsen et al., 1991). Accordingly,
Coulson (1984) found that the mortality of adult eider
ducks peaked significantly in June, i.e. in the late
incubation e early hatchling period of his study
population.
The decrease in mean egg clutch size with presumed
laying date is in agreement with results obtained in
studies of most single brood birds (see review by
Meijer and Drent, 1999), and laying date is probably
selected by the birds for maximizing their fitness
(Drent and Daan, 1980). In his study of eiders in
Britain, Coulson (1999) found a similar seasonal
change in clutch size, but the inter-annual variation in
Fig. 6. Mean egg clutch sizes for each year on individual islands in relation to nest density of six breeding islands. Linear regression lines and
correlations are shown.
150 F. Mehlum / Polar Science 6 (2012) 143e153mean laying date was small. Thus, in that study the
seasonal effect contributed little to the variance in
mean clutch sizes among years. Similarly, Lehikoinen
et al. (2006) and Jo´nsson et al. (2009) also reported
a decrease in clutch size with laying date in long-term
studies of common eiders in Finland and Iceland,
respectively.
Other factors contributing to the variance in the
recorded mean clutch size were nest density and
qualities of the individual islands. Such qualities are
likely to include avian predation, and the numbers ofTable 4
GLM of average clutch size (dependent variable), nest density, ice
index and island (random factor). Univariate tests of significance and
effect sizes. (n ¼ 50 cases, 5 islands and 10 years of data). (Eta-
squared describes the degree of association between the independent
and dependent variable and has an interpretation similar to a squared
correlation coefficient).
Effect df F p Partial eta-squared
Nest density 1 16.87 <0.001 0.28
Ice index 1 25.88 <0.001 0.38
Island 4 5.85 <0.001 0.35avian predators and their foraging activities seemed to
vary among the islands (Mehlum, unpubl.), with the
glaucous gull Larus hyperboreus as the main predator
(Mehlum, 1991b). Chaulk et al. (2004, 2007) found
similar relationships of archipelago and year interac-
tions for nest initiation date and clutch size in a study
of common eiders in three archipelagos on the Lab-
rador coast. Bregnballe (2002) found that clutch size
variation was correlated across years in five common
eider colonies in South-Western Kattegat (Denmark),
and he suggested that this result could be attributed to
macro-environmental change in the marine ecosystem
in the region. These studies and others (Coulson, 1999,
2010) indicate that scale is important in the analysis of
clutch size variability, and that the spatial scale of
variation in clutch size varies among different regions.
In this study, nest density on individual islands
varied between 3 and 1675 nests/ha. Similarly, Chaulk
et al. (2004) reported nest densities up to 1053 nests/ha
in their studies of eiders in Labrador. It is interesting to
note that on most individual islands in Kongsfjorden,
the average egg clutch size increased with the number
of nests (or the density of nests). Previous studies in
151F. Mehlum / Polar Science 6 (2012) 143e153dense eider colonies in Kongsfjorden showed that
predation was lowest in the areas with the highest
number of close neighbouring nests (Ahle`n and
Andersson, 1970; Mehlum, 1991b). Difference in
nest density among islands and among years on indi-
vidual islands may be an explanation of the increase in
clutch size with nest density. However, there might not
be a direct causeeeffect relationship between nest
density and clutch size. Unknown factors, such as
depletion of energy reserves in late breeding seasons
might influence nest density and clutch size simulta-
neously. An additional factor influencing clutch size
could be variation in intraspecific nest parasitism (egg
dumping). Laying eggs in the nests of others is
a common phenomenon in eiders (Mehlum, 1991a;
Robertson et al., 1992; Bjørn and Erikstad, 1994;
Robertson, 1998), and the nest parasitism rate is
highest during years with high nest density (Robertson,
1998). On one island in Kongsfjorden, Mehlum
(1991b) showed that the total egg loss during the
incubation period was more or less constant among
years regardless of the number of nests and eggs
present due to a swamping effect. This indicates that
egg predation might have minor influence on the
variation among years in duckling production in this
area. Similarly, Tombre et al. (1998b), who studied
barnacle geese breeding on the islands in Kongs-
fjorden, concluded that variability in egg survival had
little effect on recruitment to the adult population,
except in years with heavy arctic fox predation. The
glaucous gull is the main avian predator on both eiders
and barnacle geese in the Kongsfjorden area.
Social stimulation may also explain the increased
clutch size at high nest densities. Many colonial water-
birds lay larger clutches when nest densities are high as
a result of social stimulation through hormonal effects
(see review by Wittenberger and Hunt, 1985). No data
are available to test if social stimulation is acting on the
eiders in Kongsfjorden to regulate clutch size. An
alternative hypothesis is that birds tend to recruit to and
aggregate in themost successful breeding areas (Wagner
et al., 2000). This might be studied by observing the
reproductive success of conspecifics and recruitment to
these successful areas in the following year (Danchin
et al., 1998). The use of such inadvertent social infor-
mation (Danchin et al., 2008) in nest site selection has
not yet been studied in eiders.
Coulson (1999) argued that in “capital breeders”
such as eiders, clutch size could be used in environ-
mental monitoring as a measure of quality and quantity
of food available in the feeding areas of the eiders prior
to breeding. Similarly, Hairo and Selin (1988) andLaurila and Hario (1988) argued that the steep increase
in the population size and clutch size of eiders in the
Gulf of Finland, which coincided with a 2-week
change in mean hatching dates during a period of 30
years, is caused by improved feeding conditions due to
eutrophication of the Baltic. However, Meijer and
Drent (1999) concluded that laying date itself
controls the egg clutch size in birds independent of
body reserves, and thus, clutch size would not be an
appropriate indicator of feeding conditions. In
Kongsfjorden and similar fjord systems in the Arctic,
where the occurrence of landfast sea ice around the
breeding islands is a major determinant of clutch size
in eiders. It is not known how important pre-nesting
foraging in this fjord system is for the body condi-
tion of the eiders at the time of egg-laying. Pre-
breeding foraging in nearby coastal regions of Svalbard
may be as important. Thus, it is unlikely that clutch
size would be a suitable indicator of food availability
around the Kongsfjorden islands.
The large inter-annual variation in the number of
nests on each of the breeding islands cannot only be
explained by inter-annual variability in the proportion
of non-breeding adults on each island. In years when
the large colonies, such as Storholmen, have few nests,
other islands have relatively high numbers of nests.
This indicates that some eiders change nesting islands
between years. Eiders usually nest in colonies, partic-
ularly in the Arctic (Ahle`n and Andersson, 1970;
Anderson et al., 1974; Meltofte, 1978; Parker and
Mehlum, 1991), but they are not obligate colonial
nesters. In some years, some of the smallest islands in
Kongsfjorden have high densities of eider nests
covering most of the suitable nesting area available. On
the larger islands the nests are dispersed over large
parts of the islands and not concentrated in dense
clusters at specific sites. It is unclear whether the eiders
prefer to nest in dense colonies or disperse over larger
areas on the islands. Parker and Mehlum (1991)
concluded in a preliminary analysis, that the eiders in
Kongsfjorden dispersed more in years when they were
provided with more space of suitable nesting habitat,
but that the dispersal response was slower and less
complete than predicted. They suggested that the
difference from the predicted response was a result of
nesting site fidelity. Females captured and ringed on
their nest have been recaptured in later years nesting on
the same island as where they were ringed, but also
nesting on other islands in the fjord (Mehlum, unpubl.).
No systematic studies have been made of site fidelity
of eiders to the individual islands in Kongsfjorden.
However, Bustnes and Erikstad (1993) found high site
152 F. Mehlum / Polar Science 6 (2012) 143e153fidelity in a study of common eiders in northern
Norway. They showed that 84% of females nested
within 100 m of its nest site during the previous year,
and that 20% used the same nest cup more than one
season.
Furthermore, Bustnes and Erikstad (1993) showed
a positive correlation between nest site fidelity and
nesting success in eiders. Similarly, Tombre et al.
(1998a) found a positive correlation between nest site
fidelity and nesting success in barnacle geese breeding
on islands in Kongsfjorden. In contrast, Lindberg and
Sedinger (1997) found little direct evidence of a posi-
tive correlation between clutch sizes and nest site
fidelity in black brant Branta bernicla nigricans. I
propose that site fidelity constrains the degree that
individual eiders in Kongsfjorden change breeding
islands from year to year as a response to variation in
sea ice conditions. However, this subject needs further
study.
In this fjord system the presence of sea ice around
the breeding islands in late spring (June) is a limiting
factor on the breeding population size and egg clutch
size. The present data indicate that environmental
change, with increasing winter/spring temperatures and
less landfast sea ice, might have a favourable impact
on the development of the eider population in the area
by decreasing the proportion of non-breeding adults
and increasing clutch size.
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